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R602A second possible interpretation
invokes ‘predictive coding’: early
cortex receives predictive feedback
from higher-level regions, and signal
mismatches with respect to the
sensory input [16]. There is a mismatch
between prediction and input with
regards to the (top-down predicted)
illusory Kanizsa-contours, and
arguably also with the surface: they
have no sensory correlate, leading to
enhanced activity. The sensory input
of the three inducing pacmen matches
the prediction: they form the corners of
the predicted triangle, thus generating
less error-signal, accounting for their
reduced activity. This account does
not easily explain why the outlier
pacman’s activity is enhanced, as it
was equally un-predictable in the
control condition that served as
baseline for the comparison. The
strength and weakness of predictive
coding is its simplicity — it tempts us
to snub detailed mechanistic accounts.
For example, it is unclear whether
or how predictive coding combines
with the concrete mechanisms of
scene segmentation and competition
described above that provide an
equally good account for the results
(Figure 1).
A number of questions arise from
the results [4] that have implications
for past and future studies. First, the
elephant in the room, the target of this
and of prior studies, that still remains
hidden behind the fence — what is
the signal of illusory Gestalt contours?
Can it eventually be unmasked fromfore- and background modulation?
Also, why was there no interaction
of scene segmentation with attention,
whereas physiology suggests
otherwise? Why did Gestalt-encoding
in so many prior fMRI studies lead
to negative net-signal [2,3,10], while
physiology almost invariably reported
positive modulations? What is the
functional difference between V1
and V2? What are the origins of the
observed modulations — intra-areal,
V4, object-coding regions, parietal
cortex?And, perhapsmost importantly:
do the answers to some of the above
questions lie in fMRI, once again,
picking up signals that physiology
missed out on, and vice versa [17,18]?
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Hibernator Know When to Stop
Hibernating?Deep hibernators that spend winter in a hypothermic coma below ground can
still emerge and reproduce in spring at the right moment. A recent study shows
that specific cells of the pituitary may harbor the internal calendar responsible
for this.Roelof A. Hut1,*, Hugues Dardente2,
and Sjaak J. Riede1
Many species in seasonal
environments enter a state of
dormancy in winter to avoid
unfavorable conditions, such as lowtemperatures and reduced energy
resources. This behaviour can be
found in micro-organisms, plants,
invertebrates and vertebrates. An
example of a unicellular organism
that enters winter dormancy is
the dinoflagellate Alexandrium(Gonyaulaceae). It drops to the
sea floor to enter a state of winter
quiescence when days get short and
light availability is low. A similar
behaviour occurs in deep hibernators
like ground squirrels and several
hamster species: they retreat in their
burrows, seal the entrance and stay
below ground for 6–8 months in a
state of deep hibernation with body
temperatures slightly above ambient
temperature (w5–10C) [1]. Although
winter dormancy may increase
survival, it also introduces a problem:
both the algae in the mud of the sea
floor and the hibernators in their
burrows are overwintering under
stable conditions in the absence
of light. Since perception of day
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Figure 1. Current view of the circannual system driving reproduction.
A mammalian circannual pacemaker in the pars tuberalis drives conserved seasonal changes
in thyroid hormone metabolism (dashed box). How this signal converges on the regulation of
reproductive state remains partly speculative (indicated by the red arrows). The RFamide
neuropeptides Kisspeptin and RFRP may play an important role to mediate and modify the
pars tuberalis-driven T3 signal. Interestingly, they are localized in areas (arcuate nucleus,
ARC; dorso- and ventromedial hypothalamus, DMH/VMH; pre-optic area, POA; anteroventral
periventricular nucleus, AVPV) involved in fat mass regulation, food intake, body temperature,
and sexual behaviour, respectively. A simplified representation shows that the annual T3
signal may be mediated by go/no-go signals from Kiss and RFRP neurons in these areas
that drive seasonal breeding when the state of the animal and its habitat would allow for
successful reproduction.
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R603length — photoperiod — is critical for
seasonal timing, how can they possibly
‘know’ when spring has come? These
organisms thus need a seasonal timing
mechanism that works like a calendar:
an internal representation of the annual
cycle. Such a circannual clock
was indeed first described in ground
squirrels (reviewed in [2]) and later
also in Alexandrium [3]. The advantage
of having a circannual clock is
particularly clear in hibernators, but it
is certainly not limited to this group of
vertebrates and circannual clocks
have been well characterized in sheep,
rodents and birds (reviewed in [2]).
Although the site of the circannual
pacemaker has long remained elusive,
evidence in sheep indicated that
an autonomous circannual timing
mechanism may reside in a small
layer of endocrine cells surrounding
the pituitary stalk, the pars tuberalis
[4,5]. Now, as reported in this issue of
Current Biology, Sa´enz de Miera et al.
[6] provide further evidence using a
deep hibernator species, the European
hamster, that the pars tuberalis could
be the site of the circannual
pacemaker.
The internal calendar in hibernators
regulates the timing of hibernation,
body mass and the activity of the
reproductive system. The latter
two parameters are essential for
hibernation to occur: sex steroids
inhibit hibernation and body fat
reserves are required to enter (and
survive) hibernation. It therefore
seems impossible to use hibernation
as a winter survival strategy without a
functional circannual clock. This clock
is usually self-sustained and keeps
oscillating under a limited set of
species-specific conditions, but it
requires at least part of the annual
photoperiodic cycle for seasonal
synchronisation. WhereasAlexandrium
can carry these essentials in a single
cell, the annual timing system in
vertebrates is much more complicated
(Figure 1) [7]. The synchronising
photoperiodic induction pathway has
been well characterized over the past
decade (Figure 2). In mammals,
melatonin constitutes the internal
representation of night and therefore
carries day length information to
target tissues. Among these, the
pars tuberalis is central. The
photoperiod-decoding mechanism
within the pars tuberalis is complex
and involves an interaction between
the melatonin signal and a localcircadian clock, which results in the
long-day induction of the transcription
factor EYA3. The latter allows the
production of thyroid-stimulating
hormone (TSH) to increase dramatically
as animals experience lengthening
days in spring [8]. TSH triggers
tanycytes around the third ventricle
to produce deiodinase type-2 (DIO2),
which converts the thyroid hormone
Thyroxine (T4) into the biologically
active form T3. Hypothalamic T3
levels eventually affect gonadotropin
releasing hormone (GnRH) neurons in
the preoptic area (POA), which govern
gonadal development (Figure 1). This
chain of events constitutes the
missing link between photoperiod and
the long-recognized role of thyroid
hormone in seasonal reproduction [9].
Even though the exact mechanismsare not understood, there is broad
consensus that T3 does not impact
GnRH neurons directly but rather
acts through distinct hypothalamic
populations of neurons, which express
two different RFamide peptides,
namely kisspeptins (Kiss) and
RF-amide related peptide (GnIH
in birds, RFRP in mammals) [10].
Recent data from Klosen et al. [11]
have considerably substantiated this
working model for the photoperiodic
control of reproduction. Now Saenz de
Miera et al. take another step forward
and demonstrate that expression
of TSH in the pars tuberalis and
RF-amides in the hypothalamus
exhibit a spontaneous change when
hamsters are kept under the same
photoperiod for an extended period
of time. These data strongly suggest
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Figure 2. Simplified annual timeline of a short day breeder (European hamster) and long day breeder (sheep).
Changes in day length (photoperiod) shape the pattern of melatonin synthesis by the pineal gland (top panels). A conserved hypothalamic
response (equal in short and long day breeders), driven by the melatonin-sensitive pars tuberalis, relays this seasonal information to the
production of T3. From there, species show considerable differences. Kisspetin marks the onset of reproduction in both short and long day
breeders (but is repressed by testosterone feedback). The role and phase of RFRP expression is less clear, but suggested here to be expressed
at higher levels during the summer for both species, possibly indicating opposing modes of action.
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R604that the pars tuberalis possesses
a circannual clock responsible for
ending hibernation and starting
reproduction in early spring.
The photoperiodic induction
pathway, from light perception to
heightened T3 production under
long days, presents some important
similarities in mammals and birds
[12,13]. However, contrary to small
mammals that develop gonads under
long photoperiods (long day breeders),
larger mammals with long gestation
times (like sheep) develop gonads
under short days (short day breeders);
yet all these species show the same
photoperiodic control of T3 (Figure 2).
Furthermore, the photoperiodic
response may be modified by food
availability and temperature [14,15].
Indeed, some species (e.g., mice,
rats, and voles) even display a
largely opportunistic behaviour and
their gonadal activation seems to
depend mainly on food availability
and temperature rather than T3
signaling [14,16]. The action of T3 on
gonadotropin production thus differsbetween species and conditions.
The underlying mechanism for this
variation is largely unknown, but
some clues exist.
Compared to mammals, birds seem
to lack (parts of) the Kiss signaling
system [17] and have different
types and anatomical locations of
the gonadotropin inhibitory hormone
receptors (the avian RFRP homolog)
[18]. This may relate mechanistically
to the observation that all non-tropical
birds are long day breeders (the
emperor penguin is an interesting
exception [19]). A long day breeding
strategy combines with fast embryonic
development, which minimizes
the duration of the vulnerable
incubation period in the egg. Such
differences between the avian and
the mammalian RFamide systems
may accommodate the variation in
mammalian reproductive strategies
(Figure 2). These strategies involve
various levels of interaction between
photoperiodic, nutritional and
thermal cues. The RFamide peptides
appear well placed to integratethese and direct differential responses
of the gonadal axis. Therefore,
understanding how these cues
impact the RFamide system
and how and where they interact is
crucial (Figure 1).
One site of interaction might be the
preoptic area, which is involved in
temperature regulation. GnRH (and
Kiss) neurons are located in the
preoptic area (among other regions)
and environmental temperature
responses of the annual cycle might be
mediated here (Figure 1; reviewed in
[14]). Additionally, Kiss neurons in the
Arcuate nucleus (Arc) may be involved
in mediating energy balance to
the reproductive system. Arc-Kiss
neurons have excitatory synapses to
POMC neurons which may serve as a
conditional relay station allowing
reproduction only when sufficient food
is present [20]. Mammalian Arc-Kiss
neurons also express leptin receptors,
suggesting that the Kiss system
incorporates signals regarding the
amount of fat reserves. Additionally,
RFRP neurons are located in the
Dispatch
R605dorsal and ventral hypothalamic
nuclei, which are regions regulating
feeding behaviour and energy
balance (Figure 1).
Overall, the hypothalamic RFamide
systems (Kiss, GnIH, RFRP) are
excellent candidates for modifying
the proximate cue of photoperiod
towards species-specific seasonal
strategies and integrating energy
balance information (food, fat,
temperature) to the reproductive
system. Describing second
messenger pathways and mapping
the neuroanatomical network of
hypothalamic RFamide signaling will
be the challenge for the near future.
Comparison of mammal and bird
species with different reproductive
strategies will most certainly help
to solve this intriguing puzzle of
neuroanatomical mechanisms
underlying optimal timing of
hibernation and reproduction.References
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Quick to Tear Down the WallNuclear envelope breakdown in metazoan cells is thought to be facilitated by
microtubules, which pull on the nuclear membranes. Unexpectedly, an F-actin
meshwork helps to tear down the large nucleus of starfish oocytes and to
prevent chromosome loss in meiosis.Binyam Mogessie and Melina Schuh*
Every time a metazoan cell divides, its
contents are completely reorganized.
One of the most dramatic events
during this reorganization is the
demolition of the nucleus, which needs
to be broken down so that the
microtubule spindle can access the
chromosomes. Decades of work have
started to reveal the biochemical
mechanisms by which the nucleus isdisassembled (Figure 1A) [1–3]. Mitotic
kinases, such as Cdk1/cyclin B,
phosphorylate various proteins of the
nuclear envelope. This first leads to
the disintegration of nuclear pore
complexes, which normally allow
transport between the nucleus and the
cytoplasm [4]. Subsequently, the
nuclear lamina, a filament network that
stabilizes the nucleus from inside, is
depolymerized [5]. This gradual
disassembly weakens the nuclearenvelope, which eventually leads to a
collapse of the nucleus and dispersion
of the nuclear membranes into the
endoplasmic reticulum. It has been
suggested that this rapid and
dramatic event of nuclear collapse,
easily seen with a transmitted light
microscope, is facilitated by forces
generated by the cytoskeleton. So far,
based on studies in mammalian
fibroblasts, these mechanical forces
have been thought to come primarily
from microtubules: these attach to
the nuclear envelope via the motor
protein dynein, stretch the nucleus and
tear holes into the nuclear membranes,
which renders the physical barrier
discontinuous [6,7].
Despite recent progress in
understanding nuclear envelope
disassembly, many questions
remain to be answered. For instance,
